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Alteration of guinea pig keratinocyte membrane 
microviscosities (ff) by liposomes of varying composition was 
determined by Auorescence polarization of 1,6-diphenyl-
l ,3 ,S-hcxatriene. Measurements perfonned either with 
whole cell suspensions or Percoll-separated cell sub po pula-
tions, indicate a simjlar membrane microviscosity (ij = 3.37 
poise ± 10%) compared to those microviscosities reported for 
other cell types. Our findings show that treatment of guinea 
pig keratinocytes with liposomes composed of phospholipids 
results in a decreased membrane microviscosity (1.95 poise), 
whereas treatment of the cells with an emulsion of choles-
terol hemisllccinatc, or liposomes composed of cerebrosides. 
causes an increase in membrane microviscosity (3 .85 poise 
and 5.55 poise ± 10%, respectively). Changes in membrane 
Auidity had no significant effect on cell viability. A reduced 
T he vectorial differentiation process in mammalian epidermis results in generating a protective and rela-tively impermeable cornified barrier. This layer, or stratum COrneum, is composed of anucleate keratino-cytes that arc strongly interdigitated and tightly ad-
herent, embedded in a lipid-rich environment [t .21. Differentiation 
of the skin is accompanied by a decrease in phospholipid content and 
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Abbreviations: 
;;: microviscosiry in units of poise. 
2 dG: 2 dcoxyglucose. 
ER: cerebroside (bovine br:lin) vesicles. 
Con A: concanava.lin A. 
CHS: cholesterol hemisuccin:He. 
DMEM: Dulbecco's modified Eagle's medium. 
DMSQ: dimethylsulfoxide. 
DI'H: 1,6-diphenyl- t .3.5-hexatrlene. 
EDTA: ethylened iami ne tecr:ucetlc acid. 
membrane microviscosity resulted in a decrease in the bind-
ing of Concanavalin A to keratinocytes, whereas an increased 
microviscosity resulted in an increased binding of Concana-
valin A. Furchermorc, endocytosis of Concanavalin A bound 
to keratinocytes plasma membranes was not significantly af-
fected by a reduced membrane microviscosity, whereas an 
increased membrane microviscosity completely blocked the 
cndocycosis of Concanavalin A. Another novel observation 
was that membranes "Auidified" by phospholipid liposomes 
could be "rigidified" by treatment with cholesterol hemisuc-
cinatc and vice versa. Moreover, these alternate changes in 
membrane nucroviscosity resulted in simultaneous alternate 
changes in the binding of Concanavalin A to the keratinocyte 
surface.) illvest De,",010194:58-64, 1990 
a simultaneous accumulation of ceramides and sterols, e.g., choles-
terol and cholesterol sulphate 131. Morphologic alterations in nor-
mal skin. including "dryness." wrinkling, uneven pigmentation, 
and a variety of proliferative lesions. are "age-associated" changes. 
Such changes arc due primarily to cumulative insults of the skin by, 
for example, the environment, excessive UV exposure. detergents, 
organic solvents. etc. This may then cause an alteration in keratino-
ErBr: ethidium bromide. 
FCS: fetal calf serum. 
Glc: glucose. 
N.:1IN , : sodium nide. 
P: mean fluorescence polarization of DPH. 
P /Cl: phospholipid to cholc.sterol ra tio. 
PBS: phosphate buffered sal ine. 
PC: phosphatidyl choline . 
VE: phosph.:1ltidyl eth.:1lnolaminc. 
PI : phosphatidyl inositol. 
IlLS: phospholipid (soya) vesicles. 
VLS/EPI: saturated PLS (vesicles). 
PLS/ PEP: pcptidc(s)-encloscd in PLS vesicles. 
PLS/S ITO: vesicles composed of PLS and P-sitosterol. 
STI: soybean trypsin inhibitor. 
RA Con A-FITC: fluorescein isothiocyanatc-(:onjug:ued rabbit 
amlConcanavalin A antibodies. 
THF: tetrahydrofuran. 
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eyte plasma membrane composition and, consequently, plasma 
membrane fluidity, which may le.ad to loss of cell integrity under 
sOllie circumstances. 
The microviscosity of cell plasma membranes influences a variety 
of membrane functions [4-81. This microviscosiry may be modified 
by a number of chemical effectors. which can be delivered into the 
cell by Iiposomes. Originally, liposomes were introduced as models 
for the study of permeability processes [9] but are now widely em-
ployed in whole-cell studies as potential carriers for transfer of ex-
ogenous substances into cells. One of the most pronounced effects 
ofliposomes on plasma membranes, is their ability to alter the ellO-
lesterol, phospholipid, and glycolipid ratios. Many receptors have 
been shown to be mobile in the plane of the plasma membrane, and 
it has been demonstrated that membrane fluidity may affect their 
lateral or rotational diffusion and degree of exposure [4,5,10 -121. 
Moreover. severa l studies have suggested that modulation of mem-
brane-bound enzyme activity. or membrane protein capping, may 
be related to changes in membrane fluidity. In an attempt to corre-
late a modulation of membrane-receptor endocytosis with changes 
in membrane fluidity, Elguindi et .OIl 14] showed that endocytosis of 
IgG in murine B-splenocytes remains unaffected when their mem-
branes are "f1uidified." but is inhibited when membranes are "rigi-
dified ... 
Lipid fluidity within the plasma membrane may be evaluated by 
fluorescence polarization using 1.6-diphenyl-l,3,S-hexatriene 
(DPH)' as a probe [\3[. Although labeling of intact cells with DPH, 
or a number of other p:obes, results in the eventual incorporation of 
the probe into intracellular membranes as well [13,14], in situ mea-
surements of plasma membrane properties are considerably advan-
tageous over membrane fractionation [15 J. 
The aim of this work has been to study the effects of various 
liposomes on keratinocyte membrane microviscosity, and then to 
endeavor a correlation between these effects and the subsequent 
changes in the binding and receptor-mediated endocytosis of Con-
canav21in A (Con A) 2S :I. model for the behavior of keratinocyte 
membrane glycoproteins in general. 
MATERIALS AND METHODS 
Materials All chemicals used were of standard analytical reagent 
grade. DPH was obtained from Aldrich Chemicals. dimethylsul-
foxide (DMSO) from Serva Chemical Co., and tetrahydrofuran 
(THF) from J. T. Baker Chemical Co. Tissue culture materials were 
purchased from Flow Labs. Trypsin and soybean trypsin inhibitor 
(STI) were obtained from Sigma Chemical Co., and Percoll from 
Phannacia. Con A was purchased from Vector Labs, Inc. (Burlin-
game, CAl, and rabbit anti-Con-A-FITC (RA Con A-FITC) from 
E-Y Labs, Inc. (San Mateo, CAl. 
Liposomes were supplied by Parfums Christian Dior (PCD Re-
search Center, Saint Jean de Braye, France). These were large (80-
t 90 nm) Illultivesicular (lMV) liposomes. Their composition. de-
termined by HPTlC and HPLC analysis on fused silica columns, 
was as follows: PLS - PC 30%; PI 35%; and PE 35%. PLS/CHS 
(S: 5) = the above phospholipid mixture was mixed I : I (wjw) 
with CHS before preparation ofl iposomes. PLS/CHS (8: 2) = as in 
PLS/CHS (5: 5), but the proportion of phospholipids to CHS was 
8: 2 (w/w). PLS/PEP = as in PLS but liposomes include thymus 
peptides (0.5 mg/ml), collagen peptides (0.5 mg/ml), and elastin 
peptides (10 mg/ml). CER/ LMV = liposomes (150-190 nm) con-
taining natural brain cerebrosides in a 6:4 ratio (wjw) of PLS to 
cerebrosides. respectively. PLSjSITO = liposomes similar to PLS/ 
CHS, 8: 2, containing plant sitosterol instead of CHS. PLS/EPI 
(5: 5) = PLS liposomes made from phospholipids as in PLS and, in a 
1 to 1 ratio, the same phospholipids ~turated by hydrogenation. For 
derails of preparations of these liposomessce U.S. patent nos. 4. 50S, 
703,4,621, and 023 by G. Redziniak and A. Meybeck (1985). 
Method. 
Cells: Keratinocytes from guinea pig ears (Albino Hartley) were 
prepared by trypsinization of separated ear pieces (after removal of 
carti lage) in 0.2% trypsin,S 111M glucose, 1 mM EDTA in PBS, for 
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60 min at 37 D C. The ear pieces were rinsed in PBS, and after re-
moval of the dermis, the epidermis was suspended in DMEMjl0% 
fetal calf serum (FCS) containing 50 /lg/ml STI. The suspension 
was then filtered through gauze to eliminate debris. and che filtrate 
centrifuged at 1000 rpm for 5 min at 4' C. The pellet was washed 
once and resuspended in either che above medium or PBS contain-
ing 5 111M glucose. Cell viability was assessed by the crypan blue 
exclusion method [16J. 
Percol/ Density Gradiftll Separatiorl of Cells: A discontinuous gradient 
of isotonic Percoll (1.125 g/ml) in PBS/5 mM glucose of 66.7%, 
50%. and 33.3% (volJvol), respectively, was set up in 1S ml corex 
tubes. Guinea pig keratinocytes (N = 10') were carefully layered 
OntO the gradient and then centrifuged at 2,500 rpm for 30 min at 
4 DC. After centrifugation, two broad bands of cells were visible in 
addition to a lower layer. As examined by light microscopy. the 
upper hand consisted primarily of large fully differentiated, 
20%-30% dead cells (trypan blue exclusion); the second band con-
sisted of intermediate cells, and the lower band consisted of small 
non-differentiated cells. Each band was separated, diluted with 
PI.lS/ 5 mM glucose, and centrifuged at 1000 rpm for 5 min at 4'C. 
The cells were then carefully resuspended in DMEM/ 1 0% FCS or 
PBS/ 5 mM glucose. 
MoJijrario,r oj Cfll Mernbrane Microvis(osity: Cells (N - 10') in 
DMEMjlO% FCS were incubated for 4 h at 37 D C in the presence of 
various concentrations of Iiposomes. Control cells were treated 
under the same conditions, liposomes being substituted by PBSj5 
111M glucose. The cells were then washed once (1000 rpm, 5 min at 
4D C), and resuspended in 1-2ml PBS/S mM glucose prior toeicher 
treatment with DPH or Percoll gradient centrifugation. 
Incorporation of cholestcrol hemisuccinate (CHS) was achieved 
essentially as described by Shinitzky [17J. A stock solution of CHS 
was prepared by dissolving 100 mg CHS in 1 ml hot DMSO, this 
solution rcmaining stable for at least one month. The stock was then 
diluted accordingly for each separate experiment by rapid vortexing 
into DMEMjlO% FCS. Control cells were incubated under the 
same conditions in the presence of the corresponding DMSOjme-
dium without CHS. 
FlllOrtsCftlCt MeasurtrnttllS: Membrane fluidity of liposomes or of 
cells with modified or unmodified membranes was monitored by 
fluorescence polarization analysis of DPH incorrrated into the 
membranes. according to Shinitzky and Inbar [7 . DPH was dis-
persed in PBSj S mM glucose. by vi.gourous mixin~ of 50,u1 of a 
5 X 10- 3 M DPH/ THF solution with 50 ml PBS/ 5 mM glucose 
for 30 min in the dark at room temperature. Cells (S - lOX 10' jml) 
were thell incubated with continuous stirring in the presence of the 
resulring 5 X 10-6 M DPH microsuspension for 30-40 min at 
2S D C (in the dark), or the kinetics of incorporation of DPH with 
respect to time was followed at 2S D C. The mean fluorescence polar-
ization index (P) was measured in a fluorescence spectrofluorimeter 
(Perkin Elmer LS-SB), equipped with a manually operated fluores-
cence polarization accessory. The temperature of the sample was 
maintained at 2S oC. From the mean value of P obtained from at 
least three independent experiments. the mean membrane 
microviscosity (if) was then determined according to Shinitzky and 
Barenholtz [13]' 1j is expressed in units of poise. 
Endocytosis Mfasurfrnfllu: Keratinocytes with modified or unmodi-
fied membranes were incubated for 60 min at 4°C with 30,ugjml 
Con A, centrifuged (1000 rpm, S min at 4 D C), and resuspended in 
ice-cold DMEMj tO% FCS. Endocytosis was initiated by incubat-
ing cells at 37 D C for various time intervals. and then terminated by 
chilling on ice. The cells were centrifuged and resuspended in 1 ml 
of icc-cold DMEM/ I0% FCS. Con A-receptor complexes still 
present on the cell surface were then labeled with fluorescent RA 
anti-Con A-FITC (2/lg/ ml per 1- 3 X 10' cells) for 60 min at 4' C. 
The cells were then washed twice and resuspended in 1 ml icc-cold 
DM EM/ 1 0% Fes. Dead cells were stained specifically by ethidium 
bromide (EtHr) and could thus be eliminated from the measurement 
as described [18,19]. The mean label of the FITe fluorescence of 
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viable cells before and after endocycosis was dcrcnnincd from the 
following equation: 
~IOOO Ili Fi 
MF/C ~ kooo . , nt 
where ni is dle number of living cells in channel i, and Fi is the 
fluorescence IOccnsiry expressed in arbitrary uniu (0 to 1000) corre-
sponding ro the channel number, i. 
MF/C was measured in a flow cytometer (cytofluorograf 2S. 
Ortho Instruments) , equipped with a Lexel argon ion laser adjusted 
at 488 nm and 200 mw, and a computer (MP2150, Ortho Diagnos-
tic Systems). The excitation beam was excluded by a high pass-filter 
(> 625 nm) for Etllr and by a narrow band-pass filter (514-540 nm) 
for fluorescein measurements. The forward angle light scatter was 
used for gating, thus eliminating the contribution of the debris from 
the fluorescence histogram. 
COlllanavalin A Binding: Cells (- 3-5 X 10'/ 011) in DMEM/IO% 
FCS. if needed. were first treated for 2 h at 37~C with varying 
concenrrationsofpLS (or CHS emulsion), washed, and incubated at 
4·C for 60 min with Con A (30I'g/ml). Washed cells were then 
labeled with RA Can A-FITC. and the mean fluorescence of the 
cells was determined by cytofluorimetry as described above. The 
amoulU of Con A bound was then expressed in percent, relative to 
the mean fluorescence determined for control cells incubated in the 
absence of PLS or CHS. 
RESULTS 
Incorporation of DPH Into Liposomes First we investigated 
the intrinsic microviscosity of various liposomes [PLS, PLS/PEP, 
PLS/CHS (8: 2), PLS/CHS (5: 5), CER, PLS/SITO and PLS/EPIj 
by DPH fluorescence polarization. We did this in order to define 
the limits of "fluidification" and "rigidification" of cell membranes 
One mighr expect upon treatment with these liposomes. As shown 
in Table I, cholesrerol or sitosterol increase the liposome micro-
viscosity, and liposomes with a higher cholesterol to phospholipid 
ratio exhibit a higher microviscosity than those liposomes of a lower 
cholesterol/phospholipid rario. Similarly, liposomes containing 
saturated fatty acids (PLS/EPI) are, as expected. as much as twofold 
more rigid rhan the PLS liposomes. The extremely high micro-
viscosity observed for liposomes containing cerebrosides (PLS/ 
CER) is of great interest. 
Kinetics o f Incorpo rat ion a nd f luorescence P o larizat ion of 
DPH in Keratinocytes The kinetics of DPH incorporation into 
keratinocytes in suspension (seen by the increase in DPH fluores-
cence inrensiry) and of DPH fluorescence polarization for a typical 
experimenc are shown in Fig 1. The fluorescence intensity, which 
rcflects DPH incorporation into the lipid domains of cells, increases 
steadily for over 40 min. However, rhere is no parallel change in the 
polarization index with respect to time: afrer a rapid (below to min) 
adjustment to approximately 3.0-3.7 poise (depending on the cell 
preparation). the "apparent" microviscosity reaches a nearly con-
stant value that [hen decreases very slowly. This decrease in the 
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observed microviscosity may well be due to cell death, which is 
likely to increase with prolonged incubation. Indeed, in such sus-
pensions we have found rhat in parallel wi rh a decrease in the fluo-
rescence polarization index, there is a decrease in cell viability 
(Table II). Hence, P values with a mean of 0.27 with variations of ± 
5% were usually found. This P value corresponds to a microvis-
cosity of about 3.3 ± 0.4 poise. 
Fluorescence Polarizatio n o f DPH in Percoll-Separated Ke-
ratinocytes As discussed above, variations in the polarizarion 
index of guinea pig kerat inocytes in suspension could be anribured 
to the heterogeneity of the cell population in renns of viabi lity and 
state of differentiation. We therefore sepatated the ce ll s into more 
homogeneous populations using a discontinuous Percoll density 
gradient, known to yield three popularions of viable cells at three 
stages of differentiation: fully differentiated, intermediate, and 
non-differenriated cells [21,22]. The value of the DPH fl uorescence 
polarization was then determined for each population. When the 
initial viability of the total cell population is well above 90%, there 
is little difference between the DPH fluorescence polar ization of 
each cell type. Differentiated cells consistently appeared slightly 
more "rigid" than non-difTerenriated cells. However, given the 
sensitivity and reproducibility of our measurements, we are unab le 
to conclude whether or not this is a specifically significant diffe r-
ence. although it agrees with previously reported results [23,24]. 
E ffect o f Liposome Treatment Upon Keratinocyte Me m -
bra ne M icroviscosity Before attempring any detailed study of 
the effect of liposomes on keratinocyte membrane fluid ity, a ti tta-
tion of CHS and three different liposomes on keratinocyres was 
made in order ro establish whether increasing liposome concenrra-
tion had any effect on membrane microviscosity. As shown in Fig 2, 
a sharp decrease in the value of P is observed between 0 and 1 ° /ig 
PLS and PLS/PEP per ml of cell suspension, and a shar~ increase in 
P in a similat concentration range for PLS/CHS (5:5). Above 10 
Jig/mlliposome. P reaches a plateau and remains stable fo r ~p ro 2 
mg liposome pcr ml cells. In addition, there is negl igible effect of 
increased liposome concentration on cell viability. However, when 
cells were treared with a suspension ofCHS, a slight decrease in cell 
viability was observed (down to 68%) with increasing C HS concen-
trations (Fig 2). Therefore, for all of rhe following studies, we used 
Iiposomes at saruTating concenrTarions (2 mg/ml) and C HS at 0.2 
mg/ml, unless otherwise stated. 
The microviscosity of guinea pig keratinocyte membranes is in-
creased upon 4-h treatment at 37"C with PLS/CHS (5: 5), PLS/ 
EPI, and CER liposomes, whereas PLS, PLS/PEP, PLS/CHS (8: 2), 
and PLS/SITO. decrease membrane microviscosity (T able I). Ir is 
particularly worth oaring that the" values observed at the plateau 
arc close to rhose 'i values of the liposomes themselves (Table I). 
Furthermore, all subsequent "rigidification" studies were per-
formed using CHS in suspension alone, because it was found to be a 
far more reproducible method for increasing membrane micro-
viscosity. Table tIl shows the effect of C HS on keratinocyte mem-
branes as compared (0 rhe effect ofPLS liposomes. Addirionally, it 
shows that when cells were firsr treated with PLS and then incu-
Table 1. Effecc of Liposomcs of Different Intrinsic Microviscosities on Kerarinocyrc Membrane Microviscosity 
Mean p value ;;]S'c Mean p value' "';zsoc of Cells 
Liposomc of liposomes· of liposomes (in poises) of cells· (in poises) (±IO%) % Change 
0.278 3.46 ± 0.7 
PLS 0.195 1.51 ± 0.2 0.201 1.59 ± 0.1 -54 
PLS/CHS 8:2 0.246 2.51 ± 0.3 0.259 2.87 ± 0.2 - 17 
PLS/CHS 5:2 0.323 5.55 ± 0.9 0.317 5.26 ± 0.8 +S2 
CER 00413 21.08 ± 3 0.324 5.55 ± 0.6 +60 
I'LS/PEP 0.246 2.51 ±0.2 0.221 1.96 ± 0.2 -43 
PLS/EPI 5: 5 0.272 3.25 ± 0.3 0.317 5.26 ± 0.7 +52 
PLS/SITO 8:2 0.223 1.99±0.1 0.278 3.46 ± 0.2 0 
• Delt'rmm~d lr!er 30-35 InIll IIlcubatlOn ofliporomes (I mg/ml) wHh DPH. 
~ Cdl~, ongll1:llly ill 1>BS/5 111M Glc. we're' Heated wllh llposomC'~ at 2 lIls/ml of cdl sus~n~lOn. 
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bated with C HS, their membranes were significantly more "rigid" 
Vi = 3.5 poise ± 0.3) than those of PLS-treated control cells (ij -
1.96 poise ± 0.2). Conversely, cells "rigidified" with C HS and then 
treated with PLS have a much lower microviscosity (ii= 2.24 poise 
± 0.3). This demonstrates that "fluidification" by PLS liposomcs 
can be reversed by incorporation of CHS and vice versa. 
Because it has been reported that membranes of differentiated 
keratinocytes arc slightly more viscous than those of undifferen-
tiated keratinocytes 123.24], it was ofinrerest [0 compare [he sensi-
tiviey of cell membranes to effectors of the microviscosity, for both 
differentiated and undifferentiated keratinocytes. Therefore. kerat-
inocytes in suspension were treated with PLS liposomes or a CHS 
suspension, separated on the Percoll density gradient, and dleir 
membrane microviscosiry was determined. However, alterations in 
the membrane composition, as a result of liposome treatment, 
might affect the sedimentation properties of the cdls and thus 
change the significance of such a Percoll gradient separation. Kerac-
inocytes were therefore separated into non-differentiated and dif-
ferentiated cel ls and treated with PLS liposomes (or CHS). The 
membrane microviscosity of these two cell populations was chen 
determined. Similar resuhs were obtained irrespective of whether 
the gradient separation was performed prior to or after Iiposome (or 
CHS) trea tment (PLS liposollles "fluidify" both subpopulations of 
cells to thc sa me extem: ij= 2.0 poise ± 0.2 for both). On the other 
T able II . Correlation Between Keratinocyte Viability and 
OPH Fluorescence Polarization (P value) with Respect to Time 
Tunc 
(min:u 2S-C) 'ijnoc %Cdl 
+DPH p Value (in poises) vi:lbi liry 
5' 0.289 3.89 96 
20 0.260 2.90 92 
40 0.256 2.76 90 
60 0.223 1.99 90 
180 0.199 1.59 68 
300 0.188 1.41 60 
420 0.189 1.50 50 
22 h 0.127 0.74 35 
• Tht stfldy-stall~ of Dlll-lmcorpoullon IS not reached for incubatIOn ~rJods of leu 
tlun 20 mill. Sum tar rc~ull1i w('r(' oblalllt'd In three mde~ndcnt cxperimcIIIs. 
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Figure t. Kine-tics of Incorpora tion 
and Auoresce-nce polarization of DPH 
In guin(":l piS ker:ltinocytes. Ce lls (-
8 X 106/ml) in DMEM/IO% FCS were 
incubated at 25 · C with 5 X 10-' M 
D I>H. III the spcctrofl uorometer and 
measurel1l('!1ts (). .. ~ - 358 nm: )onn = 
445 nm) were taken at various time in-
u:"rva ls. ChISi'd cirriI': fluorescence inten-
SIty of DPH incorporated into ke-
rarinocyte membranes: opt" cirrle: i1uoc. 
deduced (rom the fluorescence polariza-
tion P. IS given in units of poise . 
hand, C HS has a negligible effect on the membrane fluidity of 
differentiated cdls (ij = 3.6 poise ± 0.4) buc significantly increases 
che mcmbrane microviscosiry of undifferentiated cells (;;= 4.6 poise 
± 0.3). 
Endocytosis of Can A The binding of COil A to viable keratino-
cytes and subsequent endocytosis was quantitatively measured by 
flow cytometry. First, a titration of Con A on keratinocyres was 
performed in order to establish a working concentration that would 
not affect the cel l viabiliry. The amount of bound Con A increased 
with increasing amounts of Con A added. until a placeau was 
reached for concentrations above 25 pg Con A/ ml of cell suspen-
sion. The cell viability was practically unaffected for Con A conCen-
trations below 50 pg/ ml. Therefore. we chose 30 pg Con A/ ml 
cells as il working concentration. Endocytosis of Con A was fol-
lowed:1{ 37°C. and measurements were performed on viable kcrat-
inocytes as described by Mectzeau ec all19]' Two phases of mem-
brane bound Con A "clearance" (i.e., disappearance from the cell 
surface) were observed: i) a rapid phase corresponding to the release 
of Con A into the external medium (dara not shown) between 0 and 
15 min-incubation, followed by ii) a much slower phase of clear-
ance, continuing for at least 6 h, :a which time between 65 and 80% 
of the bound COil A had been cleared. This slow phase of clearance 
was demonstrated to be endocytosis. because it could be blocked by 
the addition of sodium azide (NaN,) and 2-deoxyglucose (2 dG). 
which prevent cellular production of ATP by oxidative metabolism 
and glycolysis. respectively. These findings support those reported 
by Milner et aJ [25l. who also showed that the clearance of pem-
phi gus serum IgG bound ro keratinocytes is biphasic: a rapid phase 
of release is followed by a slow phase of endocytosis. 
Endocytosis of Can A by Keratinocytes with an Altered 
Membrane Microviscosity Reducing the membrane m.icrovis-
cosiey of keratinocytes with PLS liposomes (2 mg/ ml cell suspen-
sion) increased the rapid phase of release of Con A by 15% - 20% 
(Fig 311) with no significanc change in the rate of endocytosis. 
These findings are in agreement with those reported by Elguindi e[ 
all4J for murine B-splenocytes. In comrast, treatment of cel ls wi th 
C HS (0.2 mg/ ml cell suspension) completely blocked the endocy-
[Osis of Con A within 60 min-incubation rime at 37 -C (Fig 3B). 
Furthermore. it was consistently observed that treatment of cells 
with PLS reduced the amount of binding of Con A to kerarinocytes, 
while treatment with CHS increased the binding of Con A CO the 
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Figure 2. Effect of increasing liposome or CHS concentrations on guinea 
pig keracinocyte membrane microviscosity. Cells (-6 X 106/011) in 
DMEMjtO% FCS were incubated for 4 hat 37 G C with varying concentra-
tions o( liposomes or CHS, washed, and resuspended in t 1111 PBS/5 111M 
glucose incubated for 30 min at 2S G C with 5 X 10-6 M DPH. and measure-
ments of the DI)H fluorescence pola.riz:;nion (P), were performed at 25 ·C. 
A: Liposomts. Polarization mdex after treatment with (opt" €irdt), PLS; 
(rlostd frlanglt) PLS/ EPI 5: 5; fdostd €irdl), PLS/ CHS 5: 5. Clostd Jiamotld: 
cell viability in the presence:: 0 PLS. B: CHS. Clostd drdl: microviscosity in 
POISe::S; dostd sq uart: cel l viability. 
cell surface (see below). Thus, an alteration in membrane fluidity 
m,y signific'ntly influence both the ,bility of a ligand (e.g .. Con A) 
to bind to its receptor{s), and its rate and extent of internalization by 
receptor-mediated endocytosis. 
E ffect of Increased PLS and CHS Concentration on the loi. 
tia l Binding of Con A to Keratinocytes As mentioned above, 
both PLS liposomes and CHS influence [he amount of Con A that 
binds to keratinocyces. Therefore, in panHei eo the experiment 
reponed in Fig 2, we wanted to tcst morc precisely the possibility 
[hat, with increasi ng PLS (or C HS) concentration, there is not only 
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.a decrease (or increase) in the polari:lation index P (and thus in the 
microviscosity), but also a simul taneous decrease (or increase) in the 
exposure of keratinocyte plasma membrane recepeors . Indeed, in-
creasing PLS concentrations between 0 and 100 Jig PLS/ ml resul ts 
in a decrease in [he binding of Can A to keratinocytes down to 75% 
of the control without PLS. There is no fun her change in Con A 
binding, even far PLS concentrations up to 5 mg/ Ill!' A sharp in-
crease in the binding of Con A is observed in a similar concentr.l:tian 
range (0 to 100 I'g/ ml) for CHS, with, pl"e.u at 150% Con A 
binding for higher C HS concentrations, up to 1 mg/ml. Thus, as 
the microviscosity of cell membranes alters. with increasing effector 
concentration, there is a parallel change in the binding of COil A to 
the cell surface. Furthermore, at approximately 100 J,tg effector/ ml, 
attainment of a plateau in the binding of Con A to kerarinocytes is 
reached, thus indicating that saturation of the cell membrane by that 
effector simultaneously modulates both the binding capacity of the 
ligand :md the membrane microviscosity. 
Reversibility of the Effects of CHS and PLS OD COD A BiDd-
ing aDd EDdocyto,is As previously described (see T,ble III ), cell 
membranes which had been "fluidificd" by PLS liposomes could be 
"rigidified" again upon treatment with CHS, and vice versa. W e 
therefore wondered whether or not such reversible modificat ions of 
the membrane microviscosity could also reversibly influence the 
binding of Con A to keratinocytes. Therefore. cells pretreated with 
various concentrations of PLS were then treated with the same 
concentrations of CHS. and Can A binding was determined as 
above. As reported in Table IV, cells treated with IOO.ug/ml PLS 
showed a reduced (-25%) binding capacity for Con A, whereas 
when those ce ll s (i.e., pretreated with PLS) were rhen treated with 
1001'g/ ml CHS, they had an increased (+50%) binding capacity for 
Con A as compared to umreated cells. The opposite effect was 
obscrved when cel ls were first incubated with 100 Jig/ 1ll1 C HS and 
then treated with IOOl'g/ml PLS (Table IV). We also investigated 
the effects on endocytosis of successive treatments with the rwo 
antagonistic membrane effectors. When cells were first treated with 
PLS (100 Ilg/ ml) and then with CHS (200 I'g/ ml), endocytosis of 
Con A was completely blocked. Conversely, while ce lls first treated 
with CHS (200l'g/ ml) had lost their capacity to in ternalize Con A 
(as in Fig 3), a further treatment with PLS (2 mg/ ml) completely 
restored Con A endocytosis. 
These results. summarized in Table IV, further demonstrate the 
reversibility of rhe effect of changes in membr2ne microviscosity on 
the binding and endocytosis of ligands. 
DISCUSSION 
The major goa l of this study was to charactcrize and modulate 
kcratinocytc membrane fluidity, as a preliminary to studies con-
cerning cell membrane activity/ functions in these ce ll s. These stud-
ies were done on keratinocyte suspensions because no methods were 
avaibble for analyz.ing quantitatively the membrane microviscosity, 
Con A binding, and endocytosis of Con A by cells in the intact 
tissue. Therefore, keratinocytcs were suspended afte r mild rryps in i-
Table lD. Reversible Effects of PLS Liposomes and C HS 
Emulsion on Ker2tinocyte Membrane Microviscos ity. 
Treatment '1zS'c (in poises) CdI viability (%) 
Control : 
YilS/5 mM Glc 3.21 ± 0.3 86 
Control : 
0.5% DMSO 3.13 ± 0.2 83 
C HS (0.2 mg/ml) 3.83 ± 0.4 78 
PLS (2 mg/ l11l) 1.96 ± 0.2 87 
PLS (2 mg/ ml) followed by 
C HS (0.2 mg/ ml) 3.47 ± 0.3 82 
CHS (0.2 mg/ml) followed 
by PLS 
(2 mg/ml ) 2.24 ± 0.2 83 
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Figure 3. Effect of PLS and CHS all the clearance of bound Con A from 
guinea pig kCrluinocyte surface. a: PLS modified cells. b: CHS modified cells. 
Cells (-3-5 X IO'/ml) in DMEM/ IO% FCS were first incubated fo, 2 h" 
3rC in the presence and absence of effector. They wen:: washed and incu~ 
bated with Con A (30,ug/ml) for 60 min at 4 GC and washed again. Endocy-
tOsis was initiated by raising the temperature to 37"C and continued for 
various time intervals. Cells were then rapidly cooled, washed, and labeled 
with RA Con A-FITC. EndocyfOsis measurements were performed as de-
scribed [19]. The amoullrofCon A cleared from the cell surface. expressed in 
% relative to the initial amount of bound Con A. is given as a function of 
time. Clo~d star: untre.:r.ted cells; dostd rritHlglt: PLS (2 Ing/ml) tre.:r.ted cells; 
clostd cirdt: CHS (0.2 mg/ ml) treated cells. Four independent experiments 
were performed with cells from different animals. Similar resultS to those 
depicted here wen~ obt.:r.ined for the slow phase of clearance (endocytosis), 
although some variations (±10%) were observed for the amplitude of the 
rapid phase (release). 
zation. This proteolytic treatment is likely to have removed or mod-
ified some glycoproteim, present on rhe keratinocyte surface. rhat 
bind Con A. However, rhe importa.nce of the fluorescence intensity 
determined by cytofluorimerry after Con A labeling suggescs that 
trypsinization has left a large amount, and hence probably a variety, 
of Con A receptors present on the cells. Furchermore, because tryp-
sin has a rather poor specificity for the proteins it degrades (most 
membrane proteins have exposed lysine and arginine residues that 
trypsin will hit) it seems unlikely that the many remaining glyco-
proceins would all be trypsin resistant, and therefore constitute a 
particular class of membrane proteins. This conclusion is strength-
ened by our observation that a longer time of incubation of the 
kcratinocytes with trypsin results in a reduction of Con A binding. 
We therefore feel entitled to assume that Can A receptors analyzed 
in this study are indeed representative of the keratinocyte mem-
brane-bound glycoproteins. However, one should be aware of the 
restriction, valid for the many studies reported in the: literature on 
artificially suspended cells, that the cells are not in their normal 
environment and physiologic state. Throughout this work. varia-
tions in keratinocyte membrane microviscosity were monitored by 
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following changes in the fluorescence polarization of DPH. The 
overall membrane microviscosity determined for keratinocyte:s was 
approximately 3.5 poise. This value is in agreement to those micro-
viscosities reported for other cell types [15,26,27], including normal 
human epidermal cells. However. the slight variations observed in 
the overall membrane microviscosities (±10%), determined from 
one experiment to another. may be accounted for either by varia-
tions in cell viability, whereby dead cells take up DPH rapidly, or 
the presence of lipids in the preparation medium (DMEM/lO% 
FCS) used. These lipids could then diffuse across the plasma mem-
brane into the cytoplasm (DPH thus being trapped in intracellular 
lipid inclusion bodies), and therefore an artificial decrease in the 
DPH fluorescence polarization would be observed [11]. 
As expected. treatment of keratinocytes with PLS results in an 
overall decreased membrane mjcroviscosiry, whereas CHS increases 
the cell membrane microviscosiry. Furthermore. treatment with 
liposomes results in an overall "fluidification" of guinea pig kerat-
inocytes at all stages of differentiation, whereas CHS causeS marked 
"rigidification" of non-differentiated cells only. It seems reasonable 
co suggest that the extent to which membranes are either "fluidi-
ned" or "rigidified," as a function of the state of cell differentiation. 
is due to differences in their overall lipid composition, thereby con-
trolling the mobility and distribution of cholesterol within the 
membranes [28-30). 
By inducing changes in membrane microviscosity under con-
trolled conditions, we were then able to investigate the effect of 
such changes 011 a specific membrane function, e.g., receptor me-
diated endocytosis. The cytofluorimetric method used for this pur-
rose has previously been demonstrated to be precise and reliable 19]. Furthermore, the multiparametric analyses available on flow 
cycometers enables a specific quantification of the endocytosis pro-
cess in viable cells, eliminating artifaccs caused by the presence of 
dead cells and/or cell debris. Using this method, we have been able 
to follow the time course of endocytosis of bound Con A and to 
demonstrate that Con A is internalized in a slow. energy-dependent 
process, the rate of which is significantly influenced by changes in 
the membrane composition and/or microviscosity. That the mem-
brane microviscosity may affect the rate of endocytosis can be easily 
understood: the microclustering of recertOrs Ot the membrane 
movements involved in the formation 0 coated pits and coated 
vesicles arc very likely to be slowed down when the membrane 
viscosity increases. (0 such an extent that they may become the rate 
limiting step in the endocytOsis process. Alternatively, changes in 
the membrane composition may also interfere with the interaction 
of c1athrin with the inner face of rhe cell membrane and hence with 
"coating" of the pits and vesicles, thus affecting the internalization 
of membrane receptors. 
Similarly, we have shown that the membrane composition and/ 
or microviscosity also influence the labeling of keratinocytes with 
Con A. This observation might be explained by assuming. as pre-
viously suggested for several membrane bound receptOrs [8 - 11 J, 
that recepcor(s) for Con A are more or less deeply anchored within 
the plasma membrane and hence more or less accessible to Con A, 
depending on the composition of the phospholipid bilayer. But 
other mechanisms, more closely related to essential functions of the 
cells, may be involved ill this effect. Thus, changes in the membrane 
composition may perhaps also interfere with [he synthesis of the 
Table IV. Reversible Antagonistic Effects of CHS and PLS on 
Con A Binding and Endocytosis by KeratinocyteS-
First treatment Second treatment % Con A binding Endocytosis 
100 + 
illS 75 + 
C HS ISO 0 
l)lS CHS ISO 0 
CHS I'LS 75 + 
• See tc:xt for the concentr.mons of ilLS and CHS used in each ex~riment. 
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recepror-protein, its translocation to the peri plasmic membrane, its 
glycosylation (required for Can A binding), or its recycling, during 
the period of incubation with PLS or C HS. In such a case, the 
differences in Can A labeling would result from a difference in the 
number of receptors present on the cell surface, rather than on their 
accessibility. 
Finally, the most srrikjng, although not unexpected. observations 
reported in this study is the: reversibility of the effects of C HS (or 
PLS) on the membrane microviscosity, on the binding capacity for 
Con A, and on the endocytosis of Can A. Keratinocytes, first "rigi-
dified" with CHS followed by treatment with PLS liposomes. ex-
hibit the low microviscosiry, low Can A binding, and high endocy-
tosis capacity of those cells that had not previously been exposed to 
C I-IS. This demonstrates that, at least with respect to these: three: 
membrane properties (membrane microviscosity, receptor activity, 
and endocytosis), PLS can cancel the deleterious effects of C HS. 
Hence, this observation should prompt studies on the effect of PLS 
on other membrane-related cell functions. 
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